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The microwave configurations at the 34- and 6<4-m stations have chunged in the past
vear due o new equipments. To maintain time delay data logs, now calcubations have
heen made where necessary of both the microsware component delays and the anecenn air

path delays for cach tvpe of antenna.

I. Introduction

Previous articles (Retse 1 oand 2) have  discussed  the
necessity for caretully caleulating the group delavs within the
DSN antenna systems to permit accurate ranging of spacecraft
and tor various -other projects such as VLBIL, Because the
microwave subsvstems are frequently changed to incorporate
new  equipment with improved  capabilitv, it periodically
becomes necessary to recalentate the component group delays
to update the total time delay within the antenna system. An
extreme example of this has vecurred in the case of 34.m DSN
subnet, in which the antennas and their microwave subsystems
have undergone a complete recontiguration in their growth
from 20-minstruments,

This article presents the results and methods used to derive
new data for the recent changes to the DSN 34- and 04
stations at both Seand N-band frequencies.

Il. Basic Data

Table 1 presents the calentated parameters that were used
throughout. The WCE-304 circular waveguide s standard at
Shand: the WC-E37 s standard ae Neband, The WS90 square
wivegtide is used only in the orthomaode in the new Neband
feed. The value of LIRO2RI43 X 109 inches per second

2097 X 10T cmsy was used for the velocity of light in free

space, giving 0.08472327]
ns/cin) for the free space delay,

mantoseconds perinch (00333

All caleutations for tfeed detavs are trom the phase center of
the horn o the defined output of the tfeed. Where applicable,
the additional delay due 1o waveguide between the reed
output and the TWM coupler input is listed separately below
the feed toral, Individual component defay caleulanons e
generally very accurate since they rely on the precise phivasical
dimensions o the component, However, certain comples
components such v the dual-mode tfeed horms and the
orthogonal mode junction raduee the overall eod delin
accuraey to the order of 20,2 ns,

lll. Feed Delays for 64-Meter Antennas

At DSS T4, the XRO Mod R feed s installed. This contams
the orthomaode junction with the result thar there we
effect, two teed paths as shown in Table 20 At DSS 33 gl
DSS 63, the NRO Mod 11 teed will continue 1o be ased unud
Tate in 19790 The duta in Table 3o conrected from previons
sotrees, applics. The two travelling wave nuesers in the feed
cone are distinguished by their component destanatons AL
and A4,
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At S:band frequencies, the SPD cone assembly renmins
unclumged, so that the delay from the horn phase eenter to
the phase calibration coupler input remains 21,291 ns at 2113
MUz and TR.706 a1 2295 Mils,

IV. Feed Delays for 34-Meter Antennas

The Neband feed used in the SND cone assembly is identical
in every respect to the XRO Mod 11 teed assembly. Thus, the
data in Table 3 apply exactly, and the output elbow is the
same a3 for the A17 configuration, giving a total delay of
3.090 ns,

The S-band feed in the SXD cone assembly has the tme
delavs shown in Table 4,

V. Dichroic Plate Correction

At Xeband, the signal passes through the dichroic plite with
two results, The first effect is an offset in the ray puth, muking
it longer than a direet path. The second effect is that the holes
in the plate ace as small waveguides with a cutofT wavelength
of LS36 inches (3.90 cm). The resulting group delay of
0.2074 ns per inch (0.082 ns/em) times the plate thickness of
1400 inches results in 0.2904 ns delay through the plate.
Adding the ray path geometry correction of 0.0296 ns and
subtracting the direct free-space deliay of 0.1370 ns leaves o
residue of 0,183 ns. This is the quantity that must be added at
8420 Mz o any air path delay involving the dichroic plate.
The correction does not apply at S-hand sinee the plate is
merely a reflector,

VI. Air Path Delays

Air path delavs are based on the theoretical geometty of
cach antenna configurition, No allowance is nude for nunu.
facturing  tolerances, hyperboloid  focussing, or structunal
deflections, The dichroic plate is treated separately, and g
sl error was discovered in previous calvubution, Thus a new
figure is given here for the odameter antenm as well as the new
Jdemeter antennas,

The basic air path delay for the Cassegrain contiguration s
given by

path length = f'+ 20 ¢+

where fhis the paraboloid focal lengthy 2 is the trnsserse an
of the hyperboloid, and o is the depth of the paraboloid f1om
vertex to rim, The last parameter arises because it has now
become stundard to use the aperture plane of the paribolond as
the reference plane for antenna-tosspacecratt path length, To
the above basic path must be added the dichroic plate delay
tor Neband, For S-hand. the path fength from the horn o the
mirrored Neband phase center by way of the ellipsoidal
retlector must be added. The theoretical depths of the dishes
are caleulated from the tormuly

where o is the depih, ris the rindins of the paraboloid, and s
the tocal length as before, The air path delays 7 tor both the
34 and 6d-m antennas and presented in Table 8,

References

1. Komarek and Otoshic DSN Progress Reporr 42236, pp. 35400 Jet Propulsion

Laboratory, Pasadena, Calif',

2. Otoshic DSN Progress Report 42-49, pp. 43.36. Jet Propulsion Laboratory, Pasadena,

Calit,

184



Table 1. Basic waveguide parameters

Aore : [ r,.
Wavepnide e t X ¥
eepuide inches (e Mz minch nsfem
WR-430 2113 0.1087 016
and 8.600
WS04 121.84) 2298 [INRRE! 00439
WR-128 2.800 R420 0.1023 00403
(6.38)
W37 MRRIY R420 01089 00417
(5.9
WS90 1.800 8420 01351 0.0832
(4.5
Table 2. XRO MOD Il Feed Assembly
Ter 1S
trem Straight path Side path
Horn 3080 3.080
Theoat 0,477 0.477
Rotary juints (2) 0.424 0.424
Polurizer 444 0444
Orthomode 0.707 a.709
Twist - 0.511
Switeh 0.342 0.342
Feed totd S.444 5,957
Waveguide 0,842 0.460
Total to TWMs 5,986 6.417

Table 3. XRO MOD 1t Feed Assembly

frem
1orn 2070
Spacers (N 678
Rotary joints () 0,424
Poturizer 0,444
Transgition 0,820
Switeh [UREN
Feed Tonl 4478

Fibows

Totad 1o TWMy £.090¢ A

ML6e1S (o AT

[ RA]

0844 (1o A

S319AMN

Table 4. SXD S-Band Feed Assembly

ftem

ttom
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Polatizers ()
Transition

Feed total
Flibow

Total te

pliase calibration coupler
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Dichrote/
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Detay, T i

Dichiroic
correction

Total delay,
PN
4

2113 MUy

7.834
[BULA
d482
0,794
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Table 5. Air path delays

Path length,

M meter

S hY
432,000 412000
(1
03,247 203,247

(S16)

289,20 280,20

68%)
1069063
(272
1001441 ERERE A
(2840 2270
S4.847 78,788
[ARER]
S4847 75,968

inclics toennd
td nwter
S AN

e, 204
1271h

3se,087
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I71.8738
1945)

106,903

102,189
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161,163 182101
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